To determine the levels and patterns of physical activity in a sample of obese (Z99th percentile body mass index (BMI)) and nonobese (o99th percentile BMI) children. DESIGN: Cross-sectional study. SETTING: Children were recruited from schools in Bristol and from the childhood obesity clinic, Bristol Royal Hospital for Children. Children were instructed in the use of the accelerometer either while at school or in the clinic, and wore the instrument while carrying out their normal daily activities for 7 days. PARTICIPANTS: A total of133 children (mean age 10.570.8 y). In all 11 (16.9%) of the 65 girls and 14 (20.6%) of the 68 boys were classified as obese (above the 99th percentile for BMI and corresponding to projected adult BMI of 30). MAIN OUTCOME MEASURES: Objectively measured physical activity volume, intensity and pattern. RESULTS: Obese children were significantly less physically active overall than their nonobese counterparts (31 844713 200 vs 41 844710 430 counts/h; 95% confidence interval 4407 to 15592; P ¼ 0.001). Similarly the obese children spent less time in physical activity of moderate or greater intensity than the nonobese children (9.973.9 vs 12.974.2 min/h; 95% confidence interval 1.15 to 4.80; P ¼ 0.002). Hourly patterns of activity indicated a tendency in obese children to be less active than nonobese children at times when activity was more likely to be determined by free choice, particularly outside of school time. CONCLUSIONS: Obese children demonstrated patterns of physical activity that may have contributed to and are likely to sustain their obesity. Minute-by-minute accelerometry is a valuable tool to investigate physical activity patterns in obese children. It can identify periods when intervention to increase activity may be most appropriate and provide an evidence base for specific exercise prescription in primary and secondary care.
Introduction
Excessive fatness has arguably become the primary childhood health problem in developed nations. 1 In the UK, childhood obesity rates have increased 2.0-to 2.8-fold in 10 y. 2 Furthermore, in the US, the heaviest children, at the greatest risk of complications, have become even heavier 3 and type 2 diabetes, once virtually unrecognised in adolescence, is now a common feature in some populations 4 Type 2 diabetes is now emerging in UK white obese adolescents as well as the more traditionally reported ethnic groups. 5 A secular decrease in energy expenditure is seen to have major responsibility for the rapid and recent increase in obesity in adults, 6 but the role of physical activity in the aetiology of obesity in children is more controversial. There is evidence suggesting that overweight and obese children and adolescents are less active than their normalweight peers, [7] [8] [9] but it is unclear which aspects of physical activity such as frequency and intensity and volume are related to obesity. One reason for this uncertainty is discrepancy in the accuracy of physical activity measurement techniques used.
Studies to date have relied heavily on self-reported physical activity, which provides only crude estimates of levels of activity that are prone to overestimation. 10 Selfreported estimates are also problematic where the assessment of frequent, incidental, low-level movement that is difficult to remember is required. Studies using the doubly labelled water method (DLW) have generally found no difference in resting metabolic rate, activity related energy expenditure, or total daily energy expenditure between obese and normalweight children when adjusting for differences in body composition. [11] [12] [13] However, the DLW while providing a valid method of estimating total energy expended through activity, provides no information on the patterns or nature of activity. Also, activity energy expenditure is influenced by body mass and economy of movement, so it is not a good indicator of the amount or duration of physical activity in a person.
14 In order to adequately reflect children's activity behaviour unobtrusive objective measures are required that are capable of accurately documenting the degree, nature and pattern of activity. We need, for example, information on school-based vs home-based activity, organised vs spontaneous activity, and sedentary patterns to appreciate the activity choices that young people make. This will enable us to understand more fully the role of physical activity in the development of obesity. Furthermore, it will inform intervention needs for the treatment of children who are already obese and who currently lack an evidence-based approach to exercise prescription.
In recent years, activity monitors based on accelerometry have become more widely used. These instruments provide minute-by-minute quantification of the intensity and duration of body movement over periods of several days or even weeks, enabling patterns of movement or inactivity to be assessed. Additionally, they are capable of providing estimates of percentage of time spent at levels of activity of light, moderate and high intensity. Accelerometers, therefore, provide a valuable means of investigating not only differences in activity among groups of individuals, but also identifying activity patterns in individuals for planning activity programmes for weight maintenance or reduction. 15 Recent studies have extended the interpretation of minute-by-minute accelerometry data to comparisons of activity in obese vs nonobese children. 14, 16 However, one study 14 was limited to a sample of older children (average age 17-18 y old) and the other, 16 while focusing on younger children (age 10-11 y), did not investigate gender differences nor define obesity according to current International concensus. 17 Both studies focused largely on total volume of activity rather than patterning of activity throughout schooldays and weekends. The aim of this study was to investigate differences in volume, pattern and intensity of physical activity in a sample of obese children compared to their nonobese peers. As a result of well-established gender differences in activity levels, the activity profiles were examined by gender and obesity status.
Participants and method
Participants A total of 171 children aged between 9 and 11 y were recruited from five urban primary schools in Bristol, UK. A further 17 children were recruited from the children's obesity clinic at the Bristol Royal Hospital for Children. The United Bristol Healthcare Trust Research Ethics Committee approved the study and written consent was obtained from the children's parent/guardian.
Measurement of physical activity
Children were requested to wear an accelerometer (Computer Science and Applications Inc. model 7164; CSA) during waking hours for 7 days. The CSA accelerometer is a small box, approximately the size of a matchbox, that is worn on an elastic belt around the waist, and that records the physical activity level every minute of the day for a period of up to 3 weeks. At the end of the measurement period, the accelerometers were downloaded into a personal computer for analysis. The CSA accelerometer has been shown to be a valid measure of total physical activity when compared to DLW in this age group. 18 Children were required to complete at least 10 h of measurement for 3 weekdays and at least 8 h of measurement for one weekend day to be included in further analyses. Data reduction has been described in detail elsewhere. 15 Activity counts were summed for each hour that the accelerometer was worn between 07:00 and 21:00 and the number of minutes per hour of moderate or greater intensity physical activity (43 METS) was calculated using established cut points. 19 Hourly activity of the children was plotted to establish daily patterns of activity for schooldays and weekends, respectively.
Body mass index
Height (m) and weight (kg) were measured using a beam scale and stadiometer (SECA), with children wearing indoor clothing, and shoes removed. BMI was calculated from the children's height and weight (weight (kg)/height 2 (m)) and interpreted according to International age and gender reference data. 17 Children above the 99th percentile for their age and gender and corresponding to projected adult BMI of Z30 were classified as 'obese'.
Statistical analyses
Statistical analyses were carried out using Statistical Package for Social Science version 11.0. (SPSS) software. Betweengroup results were compared using a two-way analysis of variance to test for main effects for obesity and gender and any interaction between the two. All primary variables approximated Normal distribution.
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Results

Participants
Of the 10 schools which were approached to take part in the study, five agreed to do so. All school children who were asked to participate in the study (n ¼ 171) volunteered to do so. In addition, data were collected on 17 children attending the care of childhood obesity clinic at Bristol Royal Hospital for Children. A total of 133 children (68 boys, 65 girls; mean age 10.570.7 y) recorded at least one weekend day (of at least 8 h) and three weekdays (of at least 10 h) and so were included in further analyses (Table 1) . In all 11 (16.9%) of the 65 girls and 14 (20.6%) of the 68 boys were termed 'obese'.
The participants recorded an average of 13.2 h of measurement on weekdays and 12.0 h at weekends.
Physical activity volume and intensity
The physical activity levels for obese compared to nonobese boys and girls are shown in Table 2 . Obese boys and girls were significantly less active than nonobese boys and girls for both counts/h and minutes of at least moderate intensity activity for both schooldays and weekend days. When comparing minutes of moderate activity and above, obese boys were 15% less active on schooldays and 29% less active on weekend days compared to nonobese boys. The differences were more marked for obese girls who were 20% less active on schooldays and 36% less active on weekend days compared to nonobese girls. Across the whole week, activity levels overall were significantly lower for girls compared to boys for both counts/h (35 828711 677 vs 43 917713 595 counts/h; 95% confidence interval 37686 to 42242; F ¼ 13.49, P ¼ 0.001) and minutes of moderate activity and above (11.1974 .18 vs 13.4274.18 counts/h; 95% confidence interval 11.59 to 13.07; F ¼ 9.43, P ¼ 0.003). Gender differences were greater at the weekends (boys were 30% more active than girls) compared to schooldays (boys were 26% more active than girls).
Although there were significant main effects for gender and BMI, no significant gender Â BMI interaction was Physical activity in obese and nonobese children A Page et al the symbols (nonobese are solid triangles; obese are crosses).
During the weekdays, for counts/h nonobese boys were more active than obese boys at the majority of time points during the day, with the exception of between 07:00 and 8:00, 11:00 and 12:00, and 13:00 and 14:00 h (Figure 1a) . At weekends, the only hourly period where obese boys were more active than nonobese boys was between 07:00 and 08:00 (Figure 1b) . Similar patterns of activity were seen for time spent in activity of at least moderate intensity, although differences were most apparent in the evenings for schooldays (17:00 through to 21:00 h; Figure 1a ) and from lunchtime onwards for weekends (12 noon through to 21:00 h, Figure 1b) .
For girls, patterns during the week (Figure 2a) were very similar to those seen for boys, with obese girls less active at the majority of time points for counts/h and minutes of moderate activity and above. At weekends (Figure 2b ) obese girls were less active at all hourly periods with the exception of between 11:00 and 12:00. Differences in minutes of moderate activity and above closely paralleled differences in counts/h for both schooldays and weekend days.
For both boys and girls, differences in activity were most marked where children are more likely to be able to choose 
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Discussion
This study clearly shows that in this sample of clinically obese UK boys and girls both total physical activity level and time spent in moderate intensity activity or above are lower compared to age-matched nonobese children. These findings are consistent with other contemporary data in young people 14, 16 and adults. 15 Furthermore, obese children are less active (when compared to nonobese) for almost all hourly periods on both schooldays and weekends. Activity periods when the differences are most marked are from 0800 to 0900 on weekdays (when children travel to school), lunchtime and after 1700 on schooldays, and from lunchtime onwards on weekends. Both obese and nonobese children have generally higher levels of activity during the school day compared to evenings and weekends suggesting that the home environment is closely associated with reduced levels of physical activity. This supports the use of family based interventions to increase physical activity in obese children. 20 Girls overall were less active compared to boys and obese girls had the lowest levels of activity. Although the CSA does not provide a direct measure of energy expenditure, existing algorithms 18 allow interpretation of CSA counts in terms of activity energy expenditure. This interpretation suggests that the magnitude of difference between obese and nonobese children is on average around 296 kcals day. Examples of activities that obese children could take part in which would equate to this level of difference would be (a) moderate cycling (10 mph) or swimming 40 min) or (b) brisk (15 min/mile) or slower (20 min/mile) walking for 30 and 50 min, respectively, or (c) light play such as catch for 70 min. (Based on average body weight of 67 kg for obese children in this sample.) 21 Information such as this might help form the basis for more focused evidence-based exercise advice in primary and secondary care. Specialist behavioural support, particularly for families would be an important addition to this specific advice and would support greater use of exercise specialists to support paediatric dieticians within the primary and secondary care settings. However, it is important to point out that differences in physical activity are not necessarily reflected in differences in energy expenditure in obese vs. non obese children.
14 Physical activity or inactivity may interact with other behaviours to help explain this. Sedentary behaviour can influence energy balance independent of energy expended on activity for example through snacking on energy dense foods or high-sugar drinks while sedentary. 22 Saris et al 23 also argue that physical activity and energy expenditure should be treated as different constructs and that the energy cost of physical activity undertaken by obese participants may be different to their nonobese counterparts.
This present study is limited by its cross-sectional design so conclusions as to whether an inactive lifestyle causes obesity or whether obesity leads to an inactive lifestyle cannot be drawn. However, it clearly shows qualitative and quantitative differences in physical activity in clinically obese children compared to their normal weight counterparts. The quantitative patterning of information across the day using accelerometers allows for more specific objective exercise advice to be offered. This could form an important contribution in the clinical treatment of morbid obesity in this population.
